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21; Abell 1501, 21; Abell 1663, 2!; Abell 2019, 21; 
Abell 2151, 20; Abell 2199, 17; classifying, 16; Coma, 
17; cooling flow in, 352; dwarf galaxies in, 575; 
evolution, 19; Fornax, 109; NGC 5353 group, 332; 
seen in quasar spectra, 131; Virgo, 16 

Interacting: Arp galaxies, 27, 244; in infrared, 258; 
luminous shell around, 244; peculiar galaxies, 27, 
606; ring galaxies, 27 

Local Group (see also Milky Way and Magellanic 
clouds): detail of M31’s core, 467; first spectrum of 
M31, 350; M31, 559 

Milky Way: age, 463; infrared views of the core, 
154, 258 

“‘Normal’’: dwarf, £75; Leo I, 146; protogalaxies, 
27 

Superclusters of: largest, 127 


Gamma-ray astronomy: exploding galactic center, 10; 
French ASGAT telescopes, 8; Geminga identified, 
242; SN 1987A, 14, 134, 466 

Gravitation: gravitational lenses, 7; gravity waves and 
SN 1987A, 350; microlensing, 489 

History: Arcturus lights Chicago exposition, 674; Arp- 
quasar controversy, 38, 40; astronomy in Japan, 590; 
canals on Mars, 348; chronometers, 658; Clark 
refractors, 238, 239, 486; classifying galaxy clusters, 
16; cosmic ray studies, 265; discovery of asteroids, 
271; discovery of quasars, 38; distance to the Hyades, 
138; of European Southern Observatory, 471; first 
spectrum of M31, 350; Galileo and Uranus, 194; 
Leonid meteor-shower woodcut, 349; lost moons of 
Saturn? 349; Phobos discovery, 576; Sirius, 175; 
Soviet astronomy, 379; Soviet space achievements 
and memorials, 359; start of astronomical journals, 
271; total solar eclipse of 1715, 581; women comet 
discoverers, 582 

Image processing: CCD’s, 144; low-cost system, 526 

Infrared astronomy: core of the Milky Way, 154; 
detector arrays, 247, 254; finding brown dwarfs, 14; 
forming galaxies, 247; Triton’s surface chemistry, 
580; views of Ring nebula, 130 

Light pollution: 579; International Dark-Sky Associa- 
tion, 536; and Palomar Observatory, 350 

Magellanic clouds: studies at European Southern Ob- 
servatory, 478; youngest O stars in, 351 

Meteorites: carbon in, 581; Meteor Crater, 274 

Meteors: fireball over Oregon, 204; Leonid meteor- 
shower woodcut, 349; observers meet in Belgium, 651 

Millimeter and submillimeter astronomy: new 1.2-meter 
dish at Harvard, 240; seeing earliest stars, 467 


Molecules: resilient carbon, 581 


Moon: Aristarchus, 34; comet scars on, 11; domes on, 
238; drawing, 404; protecting radio astronomy on 


dark side of, 124 

Nebulae: carbon in, 581; radio features in M42 

Bright: Cocoon, 145; Cygnus Loop, 146; 
Horsehead, 58, 114; IC 468, 228; light echo of SN 
1987A, 182; M1 (Crab), 30; M8 (Lagoon), 584; M17 
(Omega), 121, 479, 558; M20 (Trifid), 146, 584; M42 
(Orion), 57, 256, 463; NGC 2244 (Rosette), 248; 
NGC 2359, 228, 675; NGC 6334, 479; NGC 6888, 
857; North America, 366, 559; Orion nebula in 
infrared, 256; Sharpless 2-82, 604; VdB 126, 604; 
youngest stars in Tarantula, 351 
Planetary: 150, 338, 485; Abell 12, 338; Abell 33, 

339; carbon emission in, 581; Haro 3-75, 338; Jones 
1, 339; Kohoutek 1-7, 338; Kohoutek 2-1, 338; M25 
(Dumbbell), 605; M57 (Ring), 130, 131; Minkowski 
1-18, 338; NGC 40, 151; NGC 1501, 151; NGC 2438, 
228; NGC 2440, 151; NGC 4361, 564; NGC 6905, 
151; NGC 7027, 257; Sanduleak 2-21, 339 

Neutron stars: see Collapsed objects 

Novae: 149; V603 Aquilae, 149; DQ Herculis, 150; 
“*hibernating,”’’ 8; missing, 133; WY Sagittae, 9; CK 
Vulpeculae, 9 

Observatories (amateur and public): Bercé in France, 
651; Douglas C. Coleman Memorial, 318; Cristo 
Rey, 206; Charles E. Daniel, 486; Hula-Hoop, 544; 
possible in Hawaii, 206 


Observatories (professional): Astrophysics Research 
Consortium, 133, 583; European Southern, 13, 133, 
471; funding crisis for national observatories, 358, 
469, 583; Harvard, 240; Hopkins’ 150th year, 583; 
in Japan, 590; Mount Wiison, 204; Palomar and light 
pollution, 350; Smithsonian Astrophysical, 133; 
Steward, 353; Whipple, 353 

Observing techniques: brightness intensity scales, 239; 
Cassegrains for planetary work, 6; drawing the Sun 
and Moon, 404; star-hopping, 605; using color filters, 
374, 375; viewing Mars, 370, 516 

Occultations: Pleiades by the Moon, February 23, 1988, 
180; rarity of Venus occultations, 195 


Optics: active optics, 476; collimating telescopes, 259, 
264; curved focal surface, 37; lensless-Wright camera, 
432; low-power eyepieces compared, 490; stability of 
low-expansion glass, 100 


Organizations: American Astronomical Society, 464; 
Astronomical Society of the Pacific, 88; International 
Dark-Sky Association, 536; Planetary Society, 142 

People: Arp, H. C., 38; Bradfield, W., 597; Custer, € 
P., Jr., 556; Drake, F., 141; Gagarin, Y. A., 362; 
Galileo, 194; Hall, A., 576; Herschel, C., 582; 
Heyden, F. J., 239, 315; Kardashev, N. S., 143; 
Lowell, P., 348; Mogley, R., 548; Rey, H. A., 399; 
Shoemaker, C. S., 582; Struve, O., 379; Tebbutt, J., 
651; Tombaugh, C., 316; Tsiolkovskiy, K. E., 359; 
von Zach, F. X., 271 

Photography: black-and-white film characteristics, 586; 
contest in Australia, 671; curved focal surface, 37; 
Custer’s photographic legacy, 556; hypering, 444, 
586, 668; lensless-Wright camera, 432; off-axis 
guiding problem, 670; Photo Bulletin demise, 5; 
planetary, 668; Southern Hemisphere workshop in, 
444; stereoscopic images, 367 

Physics: collapsing objects, 28; rotating universe, 599; 
superluminal velocity, 378 

Planetariums: Andrus, 204; Christa McAuliffe memo 
rial, 205; Parkland College, 204 

Planets and their satellites: minicomets hitting inner 
planets, 133 

Earth (see also Moon): development of life on, 141; 
and minicomets, 133; tides, 195 

Jupiter: effects on lo, 127; lo eclipse and transit, 
111; as UFO, 238 

Mars: and canals, 348; observing 1988 opposition, 
370, 516; Phobos craft, 247, 576; south polar cap, 
372; viewing clouds on, 370 

Mercury: good apparitions of, 511 

Neptune: Triton’s surface chemistry, 580 

Pluto: and Charon, 6. 247; more moons of? 247 

Saturn: conjunction with Uranus, 584; guide to 
moons, 630; infrared image of, 254; lost moons? 349 

Uranus: conjunction with Saturn, 584; Galileo 
and, 194; infrared image of, 254 

Venus: ancient atmosphere of, 352; ashen light, 
250, 573; good apparitions of, 511; seeing crescent 
with naked eye, 461; tectonic activity on? 354; 
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terraforming, 354; water on, 352 


Pulsars: see Collapsed objects 

Quasars: controversy, 38, 461; discovery of, 38; 
formation of, 247; locating 3C 273, 294; Markarian 
205, 1, 42; Markarian 231, 247; microlensing, 489; 
PHL 957 behind infant galaxy, 247; redshift record, 
12, 14, 133; spectra shows galaxy supercluster, 131 

Radio astronomy: Centaurus A, 377; Cygnus A, 376; 
Cygnus Loop, 577; detecting a pulsar’s magneto- 
sphere, 466; features in Orion nebula, 463; galaxies, 
376; in Japan, 590; Kepler’s supernova, 578; on 
Moon’s far side, 124; possible pulsar-brown dwarf 
binary, 468; SN 1986J, 357; superluminal motion, 
378; threats from interference, 579; University of 
Texas’ program moves to Hawaii, 358 

Relativity: and black holes, 

Rocket astronomy: fossil light from first stars? 467; new 
X-ray imaging techniques, 246 


28; rotating universe, 599 


Science policy: astronomers resign, 583; astronomy and 
the Strategic Defense Initiative, 125, 126, 237; 
funding crisis at national observatories, 358, 469, 
583; Japanese astronomy, 594 

Space-based astronomy: amateurs and the Hubble Space 
Telescope, 206; astrometry and Hipparcos, 358; 
Cosmic Background Explorer, 467; cosmic-ray detec- 
tion, 270; future infrared telescopes, 258; new X-ray 
imaging techniques, 246; solar maximum effects on, 
239, 468; Solar Maximum Mission, 10; Supernova 
1987A from Ginga and Mir, 14, 136, 247; Tycho’s 
supernova in X-rays, 577; ultraviolet, 357 

Spacecraft: Advanced X-ray Astrophysics Facility 
funded, 247, 583; Comet Rendezvous Asteroid Flyby, 
247; Cosmic Background Explorer, 467; EXOSAT, 
577; Galileo, 133; Ginga, 14, 136, 247; Hipparcos, 
358; Hubble Space Telescope, 14, 206, 239, 468; 
Infrared Space Observatory, 258; International Ultra- 
violet Explorer, 357; listening to Soviet, 648; Luna 
24, 360; Lunakhod 2, 360; Magellan, 13; Mir, 14, 
136, 261, 649; Mir hotline, 318; naming new Space 
Shuttle, 650; Phobos, 247, 361; Pioneer Venus, 250; 
Solar Maximum Mission, 10, 137; Space Infrared 
Telescope Facility, 258; Space Shuttle schedule, 468; 
Sputnik 2, 361; as UFO’s, 572; Venera 13, 361 


Space debris: French space art project, 358 
Space policy: astronomy and the Strategic Defense 
Initiative, 125, 126; Australian launch site, 358; 
European Space Agency programs, 14; Hawaiian 
launch site, 133, 358; NASA’s 1989 budget, 247 
Star clusters: 
Associations: Zeta Persei, 58 
Globular: dust clouds in, 129; 
129; Omega Centauri, 564 
Open: ages of stars in, 356; distance to Hyades, 
138, 237; low-mass stars in Hyades, 356; Harvard 20, 
605; M44 (Beehive), 339; M46, 227; M47, 227; M71, 
605; missing NGC 2394, 227; NGC 2423, 228; 
NGC 2425, 228; NGC 6800, 604; NGC 6802, 604; 
NGC 6939, 115; Pleiades, 114, 356 
Stars: age and rotation, 356; brown dwarfs, 14; 
combination spectra, 152; evolution, 483; extraordi- 
nary types, 149; extrasolar planets, 14, 141; fossil tight 
from stars, 467; H-R diagram, 482; neutron stars, 30; 
P and Q spectral classes, 149; radioactive dating and 
age of Miiky Way, 463; rotation and low-mass, 356; 
subdwarf O, 152; white dwarfs, 29, 175, 485; 
youngest as O stars, 351 
Double and multiple: A0620 —00, 31; 
dromedae, 184; Zeta Cancri AB, 184; Castor, 184; 
Beta Cygni, 604; Cygnus X-1, 32; fast-moving, 184; 
HD 27130, 140; HD 27149, 140; LMC X-3, 32; Sirius, 
29, 175, 227; X-ray binaries, 31 
Individual: Z Andromedae, 153; Eta Carinae, 152; 
CH Cygm, 153; Alpha and Beta Sagittae, 605; Struve 
2525, 604 
Variable: Epsilon Aurigae, 15; S and U Coronae 
Borealis, 631; U Geminorum, 150; luminous blue, 
578; rapidly oscillating Ap, 244; starspots on Lambda 
Andromedae, 465; Variable C in M33, S78 Z 
Vulpeculae, 604 
Sun: determining size from tota eclipse, 581; drawing 
features, 404; effects of solar maximum on space- 
craft, 239, 468; flares and “‘hot spots,’’ 240; inner 
core, 385; solar constant, 11; sunspot-weather link 
found, 243; suntanning, 595; ultraviolet radiation, 
595 


M4, 675; NGC 362, 


36 -An- 


Supernovae: 152, 485; automated searches, 6; false 
alarm in M31, 253; gamma rays and SN 1987A, 466; 


gravity waves and SN 1987A, 350; light echo, 468; 
pulsar in Vela remnam, 355; radio, 357; remnanis, 
30, 241, 243, 355, 480, 577, 578; SN 1986J, 357; SN 
1987A, 14, 135, 182, 247, 466, 468; Type V, 357 


Telescope making: cenit r-focusing binoculars, 548; 
collimation, 259, 264. 363; crosshairs from spider 
cocoon, 100; differemNal screw, 548; double-arm 
barn-door drive, 213, ‘irst mirror element of Keck 
telescope cut, 133; first, spun-cast mirror, 133, 353; 
guiding-eyepiece enhaNver, 656; miniature finder 
using a beamsplitter, 277; off-axis guiding problem, 
670; off-axis reflector,.325; polar alignment in the 
Southern Hemisphere,~444; Sonotube sealer, 548; 
stability of low-expansics glass, 100; stepper motors, 
80, 418; strippable coaiQgs, 547 


Telescopes (amateur): Buf Nagton’s 12-inch astrometric 
reflector, 326; Custexs 12%-inch Springfield- 
mounted reflector, 5£6:.Greulich’s 5-inch off-axis 
reflector, 325; Marché’s’'S-inch lensless-Wright cam- 
era, 432; McCombs’ i€-nch binocular Newtonian, 
215; Ravneberg’s 17'- in h Dobsonian, 96 


Telescopes (projessivnal): | Sriach refractor at Lick, 239; 
18-inch refractor at Nex thwestern University, 238; 
23-inch refractor in Soh Carolina, 486; 36-inch 
Crossley reflector at Licl® 382; 1.2-meter radio dish 
at Harvard, 240; 3.5-m@er ARC, 577, 583; 3.58- 
meter New Technology wclescope, 464; 4.2-meter 
William Herschel, 671; 10®meter Keck telescope, 133, 
237; 26-meter META *lescope, 143; automatic 
photoelectric, 358; nomen ~ontrol, 13; Spectroscopic 
Survey Telescope, 129; Ms <y Large Telescope, 133, 
471 


Timekeeping: accuracy of aa watch, 658; chronome- 
ters, 658; Julian dates, :‘°9; National Bureau of 
Standards time signals, 642; time corrections, 59 

Ultraviolet astronomy: Interfational Ultraviolet Ex- 
plorer, 357 i 

Very large-scale structure: 
complex, 127 

Vision: stereoscopic photograis, 367 

X-ray astronomy: binaries, 312 zmaging with multi-layer 
coatings, 246; SN 1987A, 14, 134, 247; Tycho’s 
supernova, 577 &. 
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Risces-Cetus supercluster 





Ash Domes have been re- 
cognized internationally by 
major~ astronomical re- 
search groups, universities, 
colleges, secondary and 
primary schools for their 


performance, durability and 

dependability. Mechanical 

or electrical dome and 

shutter drives in sizes from 

ten to 36 feet in diameter; 
sensibly’ priced 


Brochures and specifications available. 
ASH, MANUFACTURING COMPANY :- INC. 
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COLUMBIA UNIVERSITY 
MILLIMETER-WAVE 
SKY SURVEY PROJECT 
Cerro Tololo Inter, 
American Observatcry, 

Chile . 

The 48-inch millimeter jvave 
telescope was installed at Gerro 
Tololo Inter-American Obs,rva- 
tory and saw first lighs in 
December of 1982. ° 

Its large-scale survey o'sser- 
vations of molecular cloucs in 
the southern sky have alr4ady 
revealed much new information 
on Milky Way structure an on 
the makeup of our neares!? ga- 
lactic neighbors, the Magel'anic 
Clouds. 

The photo taken at 2200 
meters elevation at Cerro ‘olo- 
lo shows the specially 
made wide-slit dc‘ne, 
the surface of “the 
telescope dish, ‘the 
building, and siiow 
remaining on mcun- 
tains in the Dona Ana 
range, with 9 eaks* to 
6,000 meters. j 


Photo by Joe Mon?ani 
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